SUMMARY : No P-galactosidase was formed when nitrogen-depleted cells of Escherichia coli 1433 were treated with lactose unless a source of nitrogen was added to the cells. In the presence of an exogenous nitrogen source there was an appreciable delay between the addition of lactose and the appearance of induced P-galactosidase activity. In contrast, induced increases of nitrate-and tetrathionate-reductase activities were developed without appreciable delay when depleted cells were treated with nitrate and tetrathionate, respectively, in the absence of additional nitrogen sources. The total amounts of the reductase activities developed in depleted cells were Iess than those obtained with non-depleted cells. The total amount of nitrate reductase activity formed was only slightly increased in the presence of ammonium sulphate, whereas normal degrees of activity were attained in the presence of casein hydrolysate. Ammonium sulphate markedly stimulated the formation of tetrathionate reductase activity.
that the process of induced enzyme formation is essentially one of de novo synthesis entirely from free amino acids. However, the maltozymase system of Saccharornyces cerevisiae is unstable and can be degraded even by cells which are not depleted of nitrogen reserves (Spiegelman & Dunn, 1947) . Hence, as noted by Spiegelman & Halvorson (1953) , the information obtained to date for this system cannot be considered as critical evidence of the absence of complex enzyme precursors from the cells.
The processes of induced P-galactosidase synthesis in Escherichia coli differ in a number of respects from those of induced formation of other systems. For example, little P-galactosidase synthesis can occur in suspensions of wellwashed cells of E . coli (Cohn & Torriani, 1953) , whereas considerable formation of the nitrate and tetrathionate reductase (nitratase and tetrathionase) depleted culture, recrystallized lactose (Pfanstiehl C.P.) to 0.2 yo (w/v), additions and distilled water to 10 ml. After incubation for the desired period, the optical density was measured and the culture prepared for assay of enzyme activity by incubating with 2 drops of toluene a t 37' for 15 min.
Anaerobic formation of the enzyme was similarly induced in evacuated Thunberg tubes, the contents being transferred to Erlenmeyer flasks for treatment with toluene.
/3-Galactosidase activities were determined, at room temperature (c. 25"), by the liberation of o-nitrophenol from ~/ 6 0 0 o-nitrophenyl-/?-D-galactoside (Lederberg, 1950) . Activities are expressed as pmole galactoside hydrolysed/ hr./mg. dry wt. cells. Total activities of the cultures are expressed as pmole galactoside hydrolysed/hr./lO ml. culture.
Nitrate reductase adaptation. Nitrate reductase formation was induced in evacuated Thunberg tubes at 37". Unless otherwise stated, each tube contained 6 or 7 ml. depleted culture, 1 ml. 0-lRi-glucose (twice recrystallized from 80% (v/v) ethanol), 0.5 or 1 ml. of 0.1M-sodium nitrate in the stopper, additions and distilled water to 10 ml. The adaptation was followed by estimations of the nitrite produced using the Griess-Ilosvay reagent (Pollock, 1946) .
The cells were spun down, washed once with distilled water and resuspended in water.
Nitrate reductase activities were determined in evacuated Thunberg tubes a t 37" with 0-O1M-sodium formate as H-donor and in the presence of ~/ 8 0 0 FeSO, (Wainwright & Pollock, 1949 Tetrathionate reductase activities were determined in evacuated Thunberg tubes at 37" by titration of the thiosulphate produced with 0 . 0 0 2~ iodine (Wainwright & Pollock, 1949) . Activities are expressed as pmole thiosulphate produced/hr./mg. dry wt. cells. Total tetrathionate reductase activities of the cultures are expressed as pmole of thiosulphate produced/hr./lO ml. culture. Cohn & Torriani (1953) found that organisms of the ML 30 strain of Escherichia coli which had been depleted of nitrogenous reserves did not form any /?-galactosidase when treated with inducer. Similarly, we found that nitrogendepleted organisms of the 1433 strain did not form any /?-galactosidase when treated with lactose for periods up to 4 hr. under either aerobic or anaerobic conditions. Indeed, the enzyme activity frequently fell below the small ' basal ' activity originally present. In the presence of 0.5 yo (w/v) (NH,),SO, enzyme formation did occur after a lag period, which was invariably shorter under anaerobic conditions than under aerobic conditions (Fig. 1) ; the experiment illustrated records the shortest lag we have observed aerobically and in one experiment the lag exceeded 3 hr. Marked increases in /?-galactosidase activity were observed after anaerobic induction in the presence of concentrations of (NH,),SO, as low as 0.0005 yo (w/v) (equivalent to I-lpg. N/ml.) (Table 1 ) and occasionally, but not invariably,
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with concentrations of 0.00005 yo (w/v) . However, we never observed any increase in P-galactosidase activity after aerobic induction for 3 hr. in the presence of concentrations of 0-0005 yo (w/v) (NH4),S04 or less. For routine control of the depletion of the nitrogen reserves, in every experiment reported here we incubated portions of the cultures aerobically with 0.2% (w/v) lactose for a minimum period of 2 hr. and confirmed the absence of P-galactosidase formation. In many of the experiments we also incubated portions of the culture anaerobically with lactose as a control to confirm the absence of detectable traces of contaminating nitrogen sources.
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Nitrate reductme formation in nitrogen-depleted organisms
When depleted organisms were incubated anaerobically with nitrate and glucose (as energy source) there was a rapid and marked increase in nitrate reductase activity, and the total activity of the culture rose to a maximum value within 2 hr. Fig. 2 shows the results of an experiment carried out with the same batch of depleted cells used for the experiment illustrated in Fig. 1 . There was some growth during the adaptation (Fig. 2c) , indicating that the cells had been supplied with a source of available nitrogen, which was identified as being produced metabolically from the inducing nitrate. As the inducing nitrate was itself serving as a source of available nitrogen, it was clearly not possible to study nitrate reductase formation in the total absence of nitrogen sources. However, it was consistently found that there was little or no lag in formation of nitrate reductase, whereas there was an appreciable delay in the onset of increase in cell mass (Fig. 2a, c) . Further, growth continued a t an undiminished rate after the maximum total nitrate reductase activity of the culture was attained, indicating that the latter was not limited by exhaustion of the source of available nitrogen. Indeed, there was little increase in the maximum total activity of the culture when (NH4),S04 was added in concentrations of 0.005 (Fig. 2b) , 0.05 and 0.5% (w/v), although the initial rate of increase in enzyme activity was enhanced in every case (Fig. 2a, b) . Even in the presence of (NH,),SO,, the maximum total nitrate reductase activities attained by these cultures of depleted organisms were always considerably less than the highest (not necessarily maximum) values previously observed with cultures of undepleted organisms growing under similar conditions (Wainwright & Pollock, 1949) . It therefore seemed possible that the factor which limited the development of nitrate reductase activity by nitrogendepleted cells might be a limiting rate of de novo synthesis of amino acids. In support of such an interpretation it was found that in the presence of an acid hydrolysate of casein ('Bacto Casamino acids') there was a marked increase in the total activity of the culture (Fig. 3) .
Other possible interpretations of the limited increase in nitrate reductase activity and the rapid attainment of a maximum total activity in cultures of previously depleted cells were considered. The increase in enzyme activity was totally inhibited in the presence of 40 pg. chloramphenicol/ml., indicating that the process was indeed one of protein metabolism (Gale & Folkes, 1953, 1954 Nitrite did not inhibit the increase in nitrate reductase activity when added in a concentration of 0 . 0 0 1~ and was only slightly inhibitory at a concentration of 0 . 0 1~ (the maximum concentration which could accumulate during normal 4-2 S . D . Wainwright and A . Nevi11 induction). Thus, the absence of a continued rise in the total activity of the culture was not due to the accumulation of toxic concentrations of nitrite.
The induced cells showed no detectable nitrite reductase activity. Thus, the attainment of a maximum total nitrate reductase of the culture was not an artefact resulting from significant reduction of nitrite during the assays of nitrate reductase. It seemed possible that the period of depletion, though adequate to deprive the cells of some key amino acid essential for P-galactosidase formation, was inadequate to deplete all nitrogenous reserves and that more prolonged starvation would eliminate the ability to form nitrate reductase. We therefore tested the ability of the cells to form enzyme when incubated anaerobically with nitrate both before exhaustion of the nitrogen source in the parent culture and at various intervals after the cessation of growth. The results of one such experiment are given in Fig. 4 . Although complex, they are very different from those to be expected if more prolonged starvation had effected a greater decrease in the amount of available endogenous nitrogen reserves. Indeed, the most significant feature of these data is the inverse correlation between the total amount of enzyme formed (Fig. 4 b ) and the extent of the increase in cell mass after addition of nitrate inducer (Fig. 4c) .
An alternative interpretation of the early cessation of increase in total nitrate reductase activity of the culture would be that the measured enzyme activity was not limited by the amount of enzyme protein present in the cells, but by the available quantity of some other accessory factor of the system. This possibility could not be tested directly, for the enzyme system has not yet been isolated from Escherichia coli and there are reasons for believing that the system may differ from the nitrate reductase system of Neurospora massa* (Nicholas & Nason, 1954) . However, the same general picture was obtained with glucose as H-donor in the assays (at 45' to prevent further adaptation) in place of formate. Yet the data of Fig. 4b and d indicate that the measured nitrate reductase activities of depleted cells are more likely to be affected by deficiency of co-factors when glucose is used as H-donor, for the adaptation curves (Fig, 4 d ) show no indication of a progressive increase in activity with increased period of depletion.
The maximum total nitrate reductase activity of the culture was not limited by deficiencies of either iron or molybdenum. 
Tetrathionate reductase adaptation in nitrogen-depleted cells
When depleted cells were incubated anaerobically with tetrathionate and glucose (as energy source) there was a marked and immediate increase in tetrathionate reductase activity (Fig. 5 ) . There was no increase in cell mass and, in fact, the optical density of the culture decreased slightly (Fig. 5c) . The possibility of nitrogen sources being made available for enzyme synthesis by cell lysis cannot be excluded. However, the decrease in optical density, which 
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corresponded to the lysis of c. 25pg. dry wt. cells/ml., also occurred in all anaerobic control cultures (e.g. Fig. 1 ). Yet, in the presence of lactose there was no synthesis of /3-galactosidase, either in the presence or absence of tetrathionate (Fig. 1) . Further, tetrathionate appeared to stimulate rather than inhibit /3-galactosidase formation when (NH,),SO, was added in conconcentrations as small as 0.0005 yo (w/v) . Thus, tetrathionate reductase was formed either in the total absence of extraneous nitrogen sources, or, a t least, in response to the presence of concentrations of nitrogen sources inadequate to support P-galactosidase formation. The adaptation process was markedly stimulated by the addition of (NH,),SO,. Chloramphenicol, at 40pg./ml., totally inhibited induced tetrathionate reductase formation. 
DISCUSSION
It is clear that the nitrogen requirements for induced formation of P-galnctosidase by intact organisms of Escherichia coli 1433 differ from those for formation of the nitrate and tetrathionate reductases even with a single population of organisms (e.g. Figs. 1, 2) . P-Galactosidase is not produced unless an external source of nitrogen is present, and even then there is an appreciable delay between the addition of lactose inducer and the appearance of induced enzyme. Further, this dclay is not related in any simple manner to the lag period in the over-all synthesis of protein (Fig. 1) . In contrast, the tetrathionate reductase system is formed without appreciable delay and in the absence of detectable nitrogen sources (Fig. 5 ) . The possibility of nitrogen sources being made available by cell lysis has not been eliminated, but the extent of lysis which occurred during induction with tetrathionate was no greater than when cells were treated anaerobically with lactose. I n the case of the nitrate reductase system the inducing nitrate itself served as a nitrogen source. However, the absence of any appreciable lag in enzyme formation (Fig. 2) is in marked contrast to the result obtained for P-galactosidase. These variations in nitrogen requirements may be manifestations of quantitative differences in the efficiencies with which homologous specific components of the various ' enzyme-forming systems ' can compete for limiting amounts of amino acids (Wainwright, 1950 ). Alternatively, it seems possible that the cells can be depleted of all nitrogen sources which can serve as 'precursors ' of P-galactosidase but yet contain materials which can be utilized for the synthesis of the reductases. If the latter be the case, the data obtained in this study would indicate that the process of enzyme synthesis consists of at least two phases: (1) de novo synthesis of 'precursor', which could only occur if either the depleted cells were supplied with an excess of pre-formed amino acids (Fig. 3) , or if they were unable to use their own metabolic products for increase in cell mass (Fig. 4) ; (2) conversion of 'precursor' into active enzyme, which could occur in the presence of very low concentrations of available nitrogen source. The data do not permit discrimination between the two alternative types of interpretation. However, they do demonstrate a major difference between various ' enzyme-forming systems ', at least in the intact organisms.
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